Adenovirus type 7 (Ad7) early region 1 mRNA species transcribed in rat cell lines transformed by the HindIII-I .J fragment (the left 7.8% of the viral genome) and in human KB cells infected with Ad7 were mapped on the viral genome, using S1 nuclease gel and diazobenzyloxymethyl paper hybridization techniques. At the early stage of productive infection, two mRNA's (950 and 840 nucleotides long) with the common 5' and 3' ends but different internal splicings were mapped from region LA (map units 1.4 to 4.3), and one mRNA (2,310 nucleotides long, with the internal splicing between map units 9.9 to 10.1) was mapped from region 1B (map units 4.6 to 11.4). At the late stage, these early spliced mRNA's were also found and at least three additional Ad7 mRNA's were identified: 700-nucleotide-long mRNA in region 1A; and 1,100-and 700-nucleotide-long mRNA's in region 1B. In transformed rat cell lines, two early region 1A mRNA's (950 and 840 nucleotides long) were also transcribed. Surprisingly, in addition, several unique Ad7 mRNA's, not found in productively infected cells, were identified in all of the transformed cell lines. Their molecular sizes and coding sequences varied in individual cell lines. However, these mRNA's had the 5' end-proximal portion in region 1B and the 3' end-proximal portion in region 1A, these portions being transcribed by extending from region 1B to 1A on viral DNA fragments joined in a tandem array in transformed cells.
The transforming region of the human adenovirus has been located within early region 1 at the left 12% of the viral genome (10) . Cell transformation studies indicated that smaller viral DNA fragments at the left 7 to 8% of the genome of adenovirus type 2 (Ad2), -5, -7, and -12 were sufficient for transformation of rat embryo cells (5, 20, 21, 25) . Recently, transforned rat cell lines were established by transfecting with the left 4.5% DNA fragments of Ad5 and Adl2 DNA (22, 26) . However, these cell lines showed incomplete characters in the transforming phenotype. Promoter mapping studies indicated that Ad2 early region 1 contained two separate transcriptional units, early regions 1A and 1B (29) . Analysis of early mRNA's from Ad2 and Ad5 early region 1 by the Si nuclease gel technique (2, 3, 12) showed that at least two spliced mRNA's were coded in region 1A (map position 1.5 to 4.5) and one spliced mRNA was coded in region 1B (map position 4.5 and 11.4). Independent analysis by electron microscopy (6) and nitrocellulose filter hybridization (23) identified an additional spliced mRNA in both early regions 1A and 1B. Because DNA sequences of early region 1 were retained and expressed as mRNA's in all transfonned cells examined, these spliced mRNA's may play important roles in cell transformation. However, detailed analysis of viral mRNA species has not yet been performed in transformed cells. Cell lines transformed by the left 7 to 8% DNA fragments (HsuI-G of Ad2 and Ad5 DNA [5, 25] ; HindIII-I * J of Ad7 DNA [7, 20] ; and HindIII-G of Adl2 DNA [21] ) are especially interesting transformants, because these DNA fragments include complete sequences of early region 1A but only the promoter-proximal part of early region 1B (2, 12, 30) . It is possible that hybrid mRNA's transcribed by extending over from region 1B sequences of viral DNA to cellular DNA were present in these cell lines. Analysis of transcribed regions on the viral genome by saturation hybridization indicated that some additional viral DNA sequences were expressed as mnRNA in Ad5-transformed cells compared with lytically infected early cells (11) . This suggested the possibility that unique mRNA species, not found in productively infected c( Is, were synthesized in transforned cells.
Here, we report mappings of region 1 mRNA's synthesized in Ad7-infected cells and in three cell lines transformed by the Ad7 HindIII-I -J fragment (the left 7.8% of viral DNA). Several 338 YOSHIDA AND FUJINAGA unique Ad7 mRNA's, not found in productively infected cells, were identified in all of the transformed cell lines.
MATERIALS AND METHODS
Cell culture and virus. The source and growth of rat embryo cell lines transformed by the left 7.8% DNA fragments of Ad7, 7IJY1-1, 7IJY1-2, and 7IJY3 have been described (20) . The Grider strain of Ad7 was propagated in KB cells, and viral DNA was extracted from purified virions as described elsewhere (19, 31) . To prepare 3P-labeled Ad7 DNA, [iiP] orthophosphate (carrier-free) was added 5 h postinfection to phosphate-free Eagle minimal essential medium supplemented with 5% dialyzed calf serum at a concentration of 100 ,uCi/ml. The specific activity of purified viral DNA was generally 1 x 106 to 2 x 106 cpm/ Ag.
Enzymes. Restriction endonucleases Sall and
HindIII were prepared according to the procedure published elsewhere (19, 24) . BamHI, SmaI, S1 nuclease, and Escherichia coli DNA polymerase I were purchased from Boehringer Mannheim Biochemicals.
Preparation of restriction fragments. 32P-labeled Ad7 DNA (5 to 30 jg) was digested completely with adequate amounts of various restriction endonucleases for 2 h at 37°C in digestion buffer, as described previously (31) . Digestion products were separated by electrophoresis in a 1.4% agarose gel, and restriction fragments were identified with a shortwavelength UV light transilluminator after staining with 0.5 pug of ethidium bromide per ml. The agarose blocks containing the required restriction fragments were cut out, crushed in a Dounce homogenizer with a loosely fitted pestle, and incubated in 0.01 M Tris (pH 8.0) containing 1 mM EDTA at room temperature for 15 h. Eluted DNA was purified two times with an equal volume of phenol saturated with 0.01 M Tris (pH 8.0) containing 0.1 M NaCl and 1 mM EDTA, two times with a half-volume of isoamyl alcohol saturated with CsCl, and two times with an equal volume of chloroform-isoamyl alcohol (24:1, vol/vol). Purified DNA was ethanol precipitated with 10 pg of E. coli tRNA as a carrier and stored at -20°C. Recovery was generally 30 to 50%. Preparation of cytoplasmic RNA. KB cells in confluent monolayers were inoculated with 20 PFU of Ad7 for 1.5 h at 37°C. Forty milliliters of fresh medium supplemented with 5% calf serum was added, and the culture was incubated for an additional 4.5 h at 370C.
In some cases, cytosine arabinoside was added at a concentration of 20 pLg/ml after inoculation, and the culture was incubated for an additional 8.5 h at 370C.
Cells were harvested with a rubber policeman and washed two times with ice-cold phosphate-buffered saline followed by centrifugation. Cells were lysed in isotonic buffer (0.01 M Tris, pH 8.0-0.14 M NaCl-1.5 mM MgC12) containing 0.5% (vol/vol) Nonidet P-40 (NP-40) for 7 min at 0°C. Lysate was spun at 2,000 rpm for 3 min. Nuclear sediments were washed once more with isotonic buffer containing 0.5% NP-40. The combined cytoplasmic fraction was spun at 4,000 rpm for 5 min; the supernatant was vigorously mixed with equal volumes of 0.02 M Tris (pH 7.5), 7 M urea, 0.35 M NaCl, 0.02 M EDTA, and 2% (wt/vol) sodium dodecyl sulfate (SDS) and then with equal volumes of phenol-chloroform-isoamyl alcohol (24:24:1, vol/vol) (32) . Mixtures were shaken for 10 min and spun at 10,000 rpm for 10 min. The upper phase was recovered, mixed, and spun once more. RNA was precipitated by adding 2 volumes of ethanol and stored at -20°C.
Transformed cells in confluent monolayers were harvested and washed in the same way. Cells were lysed in RSB solution (reticulocyte standard buffer [33] : 0.01 M Tris, pH7.5-0.01 M NaCl-1.5 mM MgC12) containing 0.4% (vol/vol) NP-40 for 5 min at 0°C. Lysate was spun at 2,000 rpm for 3 min. Nuclear sediments were washed once more with the same solution. RNA was extracted and purified from the combined supemnatant as described above.
Analysis of viral RNAs by the S1 nuclease gel technique. Si nuclease gel analysis of viral RNAs were performed as described by Berk and Sharp (3) . The 32P-labeled restriction fragments and cytoplasmic RNA, both previously ethanol precipitated, were sedimented by centrifugation at 25,000 rpm for 45 min and at 10,000 rpm for 15 min, respectively, and dis- [4] ) in a 1.5-ml Eppendorf centrifugation tube with a vigorous shaking and pipetting. The final concentrations of restriction fragments (Ad7 DNA equivalent) and cytoplasmic RNA were 5 pug/ml and 5 mg/ml, respectively. This condition was about fourfold DNA excess, estimated from the data obtained by saturation hybridization analysis (32) . Hybridization mixtures were warmed at 680C for 10 min, allowing the denaturation of DNA, and incubated for 3 h at 53°C, 60C higher than the Tm value (estimated by susceptibility to S1 nuclease; unpublished data). After incubation, 0.45 mil of ice-cold S1 nuclease buffer (0.03 M NaCH3CO2 [pH 4.6], 0.25 M NaCl, 1 mM ZnSO4, 20 pug of heat-denatured calf thymus DNA per ml, and 0.1% [wt/vol] SDS) and 1,500 U of S1 nuclease were rapidly added to the reaction mixture. The samples were incubated at 500C for 30 min, mixed with 1 ml of cold ethanol, and stored at -20°C overnight. Each sample was divided equally and spun with a Sakuma minicentrifuge at 10,000 rpm for 3 min. One portion was completely dissolved in 30 pl of 0.01 M Tris (pH 7.5) containing 10% (vol/vol) glycerol, and the other was dissolved in 30 ul of 0.03 M NaOH containing 2 mM EDTA and 10% (vol/vol) glycerol. Neutral gel electrophoresis was carried out in 1.4% (wt/vol) agarose containing 36 mM Tris, 32 mM potassium phosphate, and 1 mM EDTA at 40 V for 13 h. Alkaline gel electrophoresis was performed in 1.4% agarose containing 0.03 M NaOH and 1 mM EDTA at 40 V for 13 h (14) . A neutral gel and an alkaline gel, after neutralization by soaking in 0.05 M Tris (pH 7.4), were dried and autoradiographed at -70°C for 5 days, using X-Omat RP Kodak X-ray film and Dupont Lightning-Plus.
Analysis of viral mRNA's by the diazobenzyloxymethyl (DBM) paper hybridization technique. Cytoplasmic RNA, previously ethanol precipitated, was washed with 70% (vol/vol) ethanol, dried, and dissolved in a small volume of loading buffer J. VIROL.
on June 26, 2017 by guest http://jvi.asm.org/ Downloaded from containing 0.01 M Tris (pH 7.5), 0.5 M NaCl, and 0.1% (wt/vol) Sarkosyl. Cytoplasmic RNA was applied to a 1.5-ml column of oligodeoxythymidylic acid-cellulose, and the flowthrough was loaded two more times. Polyadenylic acid [poly(A)]-containing RNA was eluted from the column, using 0.01 M Tris (pH 7.5). NaCl was added to the solution at a final concentration of 0.15 M, and RNA was precipitated by the addition of 2 volumes of ethanol at -20°C. Poly(A)-containing RNA was sedimented by centrifugation, dissolved completely in 0.01 M sodium phosphate buffer (pH 6.8) containing 1 M deionized glyoxal and 50% (vol/ vol) dimethyl sulfoxide, and denatured by incubation at 50°C for 1 h as described by McMaster and Carmichael (15) . Samples were subjected to electrophoresis in a 1.0 or 1.6% agarose gel in 10 mM phosphate buffer (pH 6.8) at 20 ug of RNA per slot. After electrophoresis at 100 V for 3 h, the gel was soaked in 50 mM NaOH for 1 h to dissociate the RNA-glyoxal compound (15), neutralized with 0.2 M phosphate buffer, and equilibrated with 25 mM phosphate buffer. RNA was transferred by blotting to DBM paper as described by Alwine et al. (1) cpm/yg) prepared by nick translation (13) as described by Sawada et al. (18) . To avoid cross-contamination, restriction fragments were prepared by electrophoresis two times. The paper was washed with six changes each of 50 ml of 50% formamide, 5x SSC, and 0.1% SDS, followed by two washes with 0.lx SSC and 0.1% SDS. The paper was air dried and autoradiographed at -70°C for 6 days or more, using X-Omat RP Kodak X-ray film with Dupont Lightning-Plus. (Fig. 1) . At the early stage of infection, one mRNA of 1.1 kilobases (kb) and one of 2.5 kb were detected by the region 1A-specific probe (HindIII-I) and by three region lB-specific probes (HindIII-J/BamHI-F, HindIII-J/BamHI-G, and BamHI-I), respectively ( Fig. 1) . At the late stage of infection, both early 1A mRNA (1.1 kb) and early 1B mRNA (2.5 kb) were also detected with the region 1A-specific probe (HindIII-I) and with the region lB-specific probes (HindIII-J/BamHI-F, BamHI-G, and BamHI-I), respectively. Additional late stage-specific mRNA's were observed in autoradiograms. One species of mRNA (0.7 kb) was detected clearly with HindM-I and faintly with HindIII-J/BamHI-F probes and therefore mapped in region 1A. The size and coding position of this molecule were similar to those of Ad2-specific 9S mRNA (coding map units 1.3 to 4.4; this species was synthesized dominantly at the late stage [6, 23] ). Another species of mRNA (0.7 kb) was visible exclusively with the BamHI-I probe. Although detailed mapping requires further smaller restriction fragments as probes, this molecule must be late 9S mRNA coding for virus-specific polypeptide IX, which is known to be transcribed from map units 9.8 to 11.3 on the genome of Ad2 (6, 23) . One mRNA (1.1 kb) was detected with region lB-specific probes (clearly with BamHI-I and HindIII-J/BamHI-F and faintly with BamHI-G probes). This RNA was undoubtedly different in coding region from early 1A mRNA (1.1 kb) detected with the HindIII-I probe but similar to Ad2-specific 13S mRNA, which was located from map units 4.6 to 11.2 with large internal splicing (map units 6.1 to 9.9) and preferentially expressed at late stages of infection (6, 23) . Several large-sized mRNA's (4.0, 3.2, 2.5, 1.8, and 1.5 kb) were visible with all the probes, particularly with region lB-specific probes. Further characterization of these late mRNA's is now being done.
RESULTS
In all transformed cell lines, early 1A mRNA (1.1 kb) was detected with the region lA-specific probe, whereas no band corresponding to early 1B mRNA (2.5 kb) was observed. Since (1) . Papers were preincubated to destroy remaining diazo groups, and then Ad7-specific mRNA's were detected by hybridization with appropriate 32P-labeled restriction fragments followed by autoradiography at -70°C for 6 days, as described in the text. One sheet (a) was incubated with the region lA-specific probe, 2 x 106 cpm of HindIII-I (map units 0.0 to 4.0; specific activity, 1 .07 x 10' cpm/pg), and the other two sheets (b) were incubated with the region lB-specific probe, 2 x 106 cpm of 32P-labeled HindIII-J/BamHI-F (4.0 to 5.5; 0.52 x 108 cpm/pg) and 32P-labeled BamHI-G (5.5 to 8.4; 0.93 x 108 cpm/pg), respectively. Another sheet (c) bearing mRNA's isolated from infected cells at early and late stages was incubated with another region IB-specific probe, 2 x 106 cpm of 32P-labeled BamHI-I (8.4 to 10.3; 1.05 x 10' cpm/pg). Molecular sizes were estimated from relative mobilities in the same gel to 28S (5.5 kb) and 18S (2.1 kb) rRNA (prepared from KB cells [25] ), which were visualized by staining with ethidium bromide (0.5 lg/ml) before transfer to DBM paper. and lB-specific probes (Fig. la, b) . In 7IJY3 cells, viral mRNA's were relatively lower in abundance compared with other cell lines. However, Si nuclease gel analysis revealed the presence of additional viral cytoplasmic RNAs of 2.6, 2.5, and 2.3 kb (see Fig. 4 ), corresponding to transformed cell-specific viral mRNA's in 7IJY1-1 and 7IJY1-2 lines. Next, we determined the coding positions for early 1A and 1B mRNA's and transformed cell-specific viral mRNA's by the Si nuclease gel technique.
Mapping of early 1A and 1B mRNA's on the Ad7 early region l.In vivo 3P-labeled restriction fragments were hybridized with cytoplasmic RNA isolated 10 h postinfection from KB cells infected with Ad7 in the presence of cytosine arabinoside, digested with Si nuclease, and subjected to electrophoresis in a neutral and an alkaline agarose gel as described by Berk and Sharp (3) . DNA fragments hybridizing with RNA were visualized as bands in autoradiograms ( Fig. 2 ) and their molecular sizes were estimated by relative mobilities to marker DNA fragments in parallel lanes. The lengths of the Sl-resistant DNA fragments detected in a neutral gel are equal to the length of hybridized cytoplasmic RNA. When cytoplasmic RNA is spliced, the lengths of individual RNA segments in the hybridized RNA are given in an alkaline gel (3). We conventionally showed molecular weight in map units, representing the whole Ad7 genome as 100 map units. Seven bands 9.5, 7.2, 6.6, 5.3, 2.8, 2.5, and 1.9 map units long (MUL) were visible in autoradiograms of neutral gel with the SalI-C probe, which included the entire DNA sequences of Ad7 early region 1 (lane 21 in Fig. 2B ). Two additional bands 1.3 
Mapping of Ad7 early RNAs transcribed from early region 1. 32P-labeled restriction fragments comprising the left 7.8% DNA sequences of viral genome were annealed to cytoplasimic RNA isolated 10 h postinfection from KB cells infected with Ad7 in the presence of cytosine arabinoside (20 pg/ml) and digested with 1,500 U of Si nuclease per ml as described in the text. Lengths of Si-resistant DNA fragments were estimated by 1.4% agarose gel electrophoresis containing neutral and alkaline buffer followed by autoradiography for 5 days. The molecular markers were double-digestion products of 32P-labeled SalI-C fragment of Ad7 DNA with HindIII and BamHI, and 32P-labeled restriction fragments were used as probes. MUL were artifacts produced by "cut-through" of spliced RNA/DNA duplexes with Si nuclease, as explained later. First, we mapped RNA 6.6 MUL in region 1B. Hybridization with appropriate overlapping or neighboring restriction fragments enables one to determine map units of both ends and internal splice points of this RNA on the Ad7 genome. Physical maps of Ad7 (lane 6) . Because these bands were not detected with SalI-C and SmaI-D probes (map units 0.0 to 17.6 and 0.0 to 13.7), we believe them to be virus-associated RNAs mapped at around map unit 30. Figure 2C shows maps of two early 1A mRNA's and one early 1B mRNA deduced from the above results. Error limits are, on average, about ±0.1 map unit, mainly attributed to errors in the physical map of restriction fragments. Coding positions and molecular sizes of these mRNA's were consistent with the data obtained by analysis using DBM paper hybridization (Fig.  1) . Thus, early 1A mRNA's consisted of two similar-sized species (0.95 and 0.84 kb), a major species (0.95 kb) of which appears to be detected by DBM paper hybridization analysis.
However, we noticed some artificial bands in the autoradiograms. First, cut-through by Si nuclease was a serious problem with this technique. S1 nuclease should digest the single- stranded DNA tail, the RNA tail, and the singlestranded DNA loop on a spliced mRNA/ DNA duplex (3). Under our experimental conditions, we occasionally observed some artificial bands, probably produced by cut-through of a spliced mRNA/DNA duplex at the site opposite the single-stranded DNA loop (splicing point of two cotranscripts) by Si nuclease, as described by Favalora et al. (9) . Cut-through results in the appearance of bands in a neutral gel that could be detected only in an alkaline gel. In an alkaline gel, a prominent band 3.0 MUL was detected with both HindIII-I and SalI-C probes (lanes 3 and 2). The overlapping BamHI-H fragment generated a prominent band 1.9 MUL in both gels (lanes 7 and 9). Because no difference in banding patterns with the BamHI-F probe was found between RNAs from productively infected early cells (lanes 9 and 14 in Fig.  2 ) and 7IJY1-2 cells (lanes 6 and 10), the coding portion and intemal splicing position for RNAs within the sequences of BamHI-F fragment should be identical to those for two early 1A mRNA's. Accordingly, an RNA segment 3.0 MUL was located from map unit 0. Mapping of Ad7-specific mRNA's in a tansformed cell line, 7IJY1-2. 32P-labeled restriction fragments were annealed to cytoplasmic RNA isolated from 7IJY1-2 cells, digested with SI nuclease (1,500 U/mi), and subjected to electrophoresis in 1.4% neutral and alkaline agarose gels, as described in the text. S1-resistant DNA fragments were visualized by autoradiography for 5 days (neutral gel) or 2 weeks (alkaline gel) at -70°C, and their lengths were estimated by relative mobilites to marker DNA fragments in parallel lanes. The size marker DNA fragments were same as those in 3 and 13) . Therefore, one minor RNA 4.0 MUL seems to be located from map units 0.3 to 4.3. If so, a band 2.1 MUL must be observed in both gels with a BamHI-F probe: there was a faint band 2.1 MUL in an alkaline gel (lane 6), but not in a neutral gel (lane 10). The 2.2 MUL band probably overlaps the prominent band 2.1 MUL in a neutral gel. However, it is possible that the nonspliced RNA 4.0 MUL was a nuclear precursor molecule that leaked out during preparation of cytoplasmic RNA. Cut-through of the spliced mRNA/DNA duplex by Si nuclease gave bands 3.0 and 1.9 MUL in a neutral gel with SalI-C and HindIII-I probes (lanes 14 and 13), corresponding to two RNA segments comprising two major RNAs 3.8 and 2.7 MUL. DBM paper hybridization could not detect these two RNA segments. An artificial band 3.2 MUL was observed in both gels with HindII-I probe (lanes 13 and 3, probably overlapping a band 3.1 MUL). This band was produced by the HindIH-J fragment contaminating the HindIH-I probe. Figure 3C shows a putative map of Ad7-specific RNAs in the transformed cell line 7IJY1-2. Two early 1A mRNA's were also synthesized in this cell line. In addition, two unique mRNA's were mapped: one in region 1B (map units 4.6 to 7.8) and the other in region 1A (map units 0.3 to 4.3). DBM paper hybridization could not detect these two unique RNAs, but instead detected larger mRNA's (major species of 2.6 kb; minor species of 2.3 and 1.7 kb). The faint bands 7.0 and 6.7 MUL corresponding in size to 2.6-and 2.3-kb mRNA's were observed in a neutral gel with the SalI-C probe (lane 14) . We encountered similar differences in the results obtained by the two methods in the analysis of viral RNAs in 7IJY1-1 and 7IJY3 cells (discussed in Fig. 6 ).
Mapping of Ad7-specific RNAs in transformed 7IJY3 celis. Viral RNAs in 71JY3 cells were analyzed by the Si nuclease gel technique. Figure 4 shows autoradiograms of Sl-reistant fragments separated in an alkaline gel and a neutral gel with a putative map of these RNAs deduced from the data described below. Two early 1A mRNA's were also observed in this cell line. Several Sl-resistant fragments, protected by hybridizing with two early 1A mRNA's, were visible in an alkaline gel: three bands 1.9, 1.6 (very faint), and 0. 1 and 2) . Because the SmaI-D fragment includes the entire sequences of region 1 and because the HindIH-I fragment comprises the region from map units 0.0 to 4.0 (shown in Fig.  4C ), an RNA segment 3.2 MUL was localized in region 1A. The overlapping BamHI-H fragment produced a prominent band 2.1 MUL in both gels (lanes 6 and 9). Another overlapping BamHI-F fragment generated three bands 1.2, 0.9, and 0.8 MUL in an alkaline gel (lane 5) and five bands 2.1, 1.8, 1.2, 0.9, and 0.8 MUL in a neutral gel (lane 10). Except for two cut-through bands 1.2 and 0.8 MUL (described later) in a neutral gel, banding pattems were the same as those obtained in infected cells and in 7IJY1-2 cells (compare lanes 9 and 14 in Fig. 2 and lanes 6 and 10 in Fig. 3) . Therefore, the coding sequences for RNAs in the BamHI-F fragment seem to be identical among these cells. Thus, one RNA segment 3.2 MUL was mapped from map unit 0.1, 2.1 units to the left of the BamHI-H/F joint to 3.3, 1.2 units to its right. By splicing to the other RNA segment 0.8 MUL, this will make one spliced mRNA 4.0 MUL, which is mapped from map units 0.1 to 4.3. A spliced mRNA 4.0 MUL was indeed detected in a neutral gel with the SmaI-D probe (lane 14) , and its mapping in region 1A was confirmed by the detection of a band 3.8 MUL in a neutral gel with the HizHI-I probe (lane 13). An additional three 71JY3-specific viral mRNA's were mapped in region 1B. The bands 3.2, 3.0, and 2.8 MUL were detected in both gels with SmaI-D and HindII-J probes (lanes 1 and 14; lanes 3 and  12) . The overlapping BamHI-G fragment produced bands 2.3, 2.0, and 1.8 (faint) MUL in both gels (lanes 5 and 12) . Overlap between HindIIH-J and BamHI-G fragments leads to the conclusion that three 7IJY3-specific viral RNAs 3.2, 3.0, and 2.8 MUL were located from map units 4.6 to 7.8, 7.6 and 7.4 in region 1B, respectively. The BamHI-F fagment, adjacent to BamHI-G and overlapping HindIII-J, indeed produced a band 0.9 MUL in both gels (lanes 5 and 10).
However, there were a few undefined bands and several artificial bands in both autoradiograms. First, one band 2.9 MUL with the HindIII-I probe (lane 13) and one band 1.8 MUL with the HindIII-J probe (lane 12) were visible in the neutral gel. Compared with other bands detected with each probe, their intensities were much lower. We could not map these minor transcripts with the 3P-labeled restriction frag- 14 and 13) ; a band 3.2 MUL with the HindIll-I probe (lane 13); a band 3.2 MUL with the SmaI-D probe (this cut-through band overlapped a true band 3.2 MUL that was produced by viral RNA 3.2 MUL encoded in region 1B); and a band 1.2 MUL with the BamHI-F probe (lane 10). DBM paper hybridization could not detect RNA species corresponding to the RNA segments 3.3, 2.0, and 0.8 MUL (Fig. 1) . Finally, bands comigrating with restriction fragments used as probes were occasionally detected in both gels, particularly in a neutral gel: a band 13.7 MUL with SmaI-D (lanes 1 and 14) ; a band 3.8 MUL with HindIII-J (lanes 3 and 12); and a band 2.9 MUL with BamHI-G (lanes 4 and 11). Similar bands were visible in other lanes after longer exposure, and their intensities varied among experiments. These bands seemed to be viral DNA probes that became resistant to Si nuclease by reassociation.
We show putative maps of Ad7-specific cytoplasmic RNAs present in 7IJY3 cells in Fig. 4C . Two early 1A mRNA's 2.7 and 2.4 MUL were observed in agreement with results obtained by DBM paper hybridization analysis, but one RNA 4.0 MUL mapped in region 1A and three RNAs 3.2, 3.0, and 2.8 MUL mapped in region 1B were not detected. In addition, we observed bands 5.9 (faint), 6.4, 7.1, and 7.4 MUL in a neutral gel with the SmaI-D probe (map units 0 to 13.7) by the Si nuclease gel technique. These bands suggested the presence of unique viral mRNA's that were identified in the other transformed cell lines, 7IJY1-2 and 7IJY1-1. DBM paper hybridization could probably not detect these unique viral RNAs, because viral RNAs in 7IJY3 cells were less abundant (note the lower intensity of early 1A mRNA [1.1 kb] in 7IJY3 cells [shown in Fig. 1]) .
Mapping of Ad7-specific RNAs in transformed 7IJY1-1 cells. Viral RNAs synthesized in 7IJY1-1 celLs were analyzed by the S1 nuclease gel technique. Figure 5 shows autoradiograms of S1-resistant DNA fragments resolved in an alkaline gel and in a neutral gel with a putative map of viral RNAs deduced from the data described below. Two early 1A mRNA's 2.7 and 2.4 MUL were clearly observed in this cell line, as well as in 7IJY1-2 and 7IJY3 cells. Several Sl-resistant DNA fragments, protected by hybridizing with major early 1A mRNA 2.7 MUL, were visible in an autoradiogram of an alkaline gel with the following probes: bands 1 Next, we determined the map position of coding regions for unique viral RNAs. There are several new bands in autoradiograms detected with region lA-specific probes. The SmaI-D and HindIII-I fragments generated bands 3.0 and 2.7 MUL in an alkaline gel (lanes 1 and 2), allowing the mapping of two RNA segments 3.0 and 2.7 MUL in region 1A. The overlapping BamHI-H fragment produced bands 1.8 and 1.4 MUL in both gels (lanes 6 and 9). Another overlapping BamHI-F fragment indicated the same band pattern in autoradiograms as those observed in the analysis of viral RNAs in productively infected cells and other transformed cells (7IJY1-2 and 7IJY3), except for the uppermost band 3.3 MUL (lanes 6 and 13). Therefore, RNA segments 3.0 and 2.7 MUL were mapped from map units 0.4 and 0.7, 1.8 and about 1.4 units to the left of the BamHI/F joint to the common end, 3.3, respectively. Combining with RNA segment 0.8 MUL (map units 3.5 to 4.3), RNA segments 3.0 and 2.7 MUL make two spliced mRNA's 3.8 and 3.5 MUL, respectively. Indeed, we can observe similar-sized bands 3.9 and 3.6 MUL in a neutral gel with the SmaI-D probe (lane 14) , and bands 3.5 and 3.1 MUL in a neutral gel with the HindIII-I (lane 13). Other unique viral RNAs were mapped in region 1B. The SmaI-D and HindIII-J fragments produced bands 3.2, 2.8, and 2.1 MUL in both gels (SmaI-D, lanes 1 and 14; HindIII-J, lanes 3 and 12). One additional band 1 We show a putative map of Ad7-specific cytoplasmic RNA species found in 7IJY1-1 cells in Fig. 5C . Two early 1A mRNA's 2.7 and 2.4 MUL were also synthesized in this cell line. Additionally, two unique viral RNAs were mapped in region 1A, and three species were mapped in region 1B. Analysis by DBM paper hybridization could not detect all of these unique viral RNAs. Instead, larger viral mRNA's of 1.5 to 2.2 kb were detected. We could clearly observe bands 6.2, 5.5, 4.8, and 4.5 MUL, corresponding in size to the above-mentioned large mRNA's in a neutral gel with the SmaI-D probe (lane 14). These discrepancies are discussed below.
Mappings of unique viral mRNA's in transformed cells. To explain discrepancies in the results of unique viral mRNA analysis by two independent methods, DBM paper hybridization and S1 nuclease gel, the possible existence of mRNA species with 5' ends in region 1B and 3' ends in region 1A as shown in Fig. 6 is postulated. Corresponding mRNA's were clearly detected by hybridizing with both region 1A and 1B probes in DBM paper hybridization analysis, as shown in Fig. 1 . This is also supported by the fact that no viral RNA species encoded by extending from region 1A to 1B was detected with SmaI-D, SalI-C, HindIII-J, and BamHI-F probes (which included the boundary sequences in region 1A and 1B 4.3) . After digestion with Si nuclease and electrophoresis in agarose gels, a band with mobility corresponding to that of unique viral RNA 7.2 MUL will be visible in a neutral gel in both types of hybrids. In addition, two cut-through bands 3.2 and 0.8 MUL may be observed. Indeed, we could observe bands 7.0 and 6.7 MUL in 7IJY1-2, bands 7.4,7.1, and 6.4 MUL in 7IJY3, and bands 6.2, 5.5, 4.8, and 4.5 MUL in 7IJY1-1 with the SmaI-D probe. In an alkaline gel, two bands 3.2 and 0.8 MUL will be detected in both types of hybrids. We clearly detected corresponding bands. When one RNA molecule was annealed to only region 1B portion of one SmaI-D fragment (map units 4.6 to 7.8), only one band 3.2 MUL will be visible in both gels. When the other restriction fragments HindIII-J, BamHI-G, BamHI-F, and BamHI-H are annealed, bands 3.2, 2.3, 0.9, and 2.1 MUL will be observed in both gels, respectively. Furthermore, HindIII-I must generate a band 3.8 MUL in a neutral gel and two bands 3.2 and 0.5 MUL in an alkaline gel. We detected corresponding bands in autoradiograms. Thus, unique viral RNA species found in transformed cells were mapped from regions 1B to 1A, having the 5' ends at map unit 4.6 and the 3' ends at 4.3. The transcription of these unique RNAs requires viral DNA fragments as a template, which was joined head to tail. The possibility of tandem integration of viral DNA into the host 7IJY1-2, 7IJY1-1, and 7IJY3 genome is suggested by Southem analysis (unpublished data). In addition, molecular sizes of unique viral mRNA's can be measured independently by two methods. DBM paper hybridization analysis of major RNA species gave the following values: 7.2 and 6.4 MUL in 7IJY1-2; and 6.1 to 4.2 MUL in 7IJY1-1. S1 nuclease gel analysis using SmaI-D or SalI-C as a probe gave the following values: 7.0 and 6.7 MUL in 7IJY1-2; 7.4, 7.1, 6.4, and 5.9 (faint) MUL in 7IJY3; and 6.2, 5.5, 4.8, and 4.5 MUL in 7IJY1-1. Considering the overestimate by the length of poly(A) sequences (0.1 to 0.2 kb; 0.28 to 0.57 Ad7 map units), these values are in a good agreement. These analyses demonstrated that Ad7-specific mRNA's, found predominantly in three transformed cells, were partly composed of unique sequences that were not transcribed during the normal life cycle of Ad7. DISCUSSION Recent analysis of early Ad2 mRNA species by the Si nuclease gel technique demonstrated that at least two spliced species were transcribed from region 1A (map units 1.5 to 4.5) and that one spliced species was transcribed from region 1B (4.5 to 11.4) at the early stage of productive infection (3) . Similar early mRNA species were observed in cells infected productively with Ad5 (2, 11) . In this study, we first examined Ad7-specific mRNA species derived from early region 1 in productively infected cells at the early and late stages, using two independent techniques, DBM paper hybridization and S1 nuclease gel.
At the early stage of productive infection, three species of Ad7-specific mRNA's were identified: two early 1A mRNA's, 1.1 and 0.9 kb in region 1A (map units 1.4 to 4.3); and one early 1B mRNA, 2.5 kb in region 1B (map units 4.6 to 11.4). These species could be observed in the presence or absence of cytosine arabinoside. They were similar in size, coding position, and splicing structure to viral early mRNA's found in Ad2-and -5-infected cells (2, 3, 12) . At the late stage of infection, both early 1A and 1B mRNA's were also present, consistent with results obtained in other adenovirus-infected cells (6, 23) . In addition, several species of mRNA were observed: two 0.7-kb mRNA's, one in region 1A and the other in region 1B; a 1.1-kb mRNA in region 1B; and five mRNA's of 4.0, 3.2, 2.5, 1.8, and 1.5 kb, perhaps encoded in both regions. Two mRNA's of 0.7 kb mapping in regions 1A and 1B correspond to Ad2 spliced 9S mRNA (coding map units 1.3 to 4.4) and Ad2 late 9S mRNA (9.9 to 11.2, coded for viral polypeptide IX), respectively (6, 23) . One mRNA of 1.1 kb mapping in region 1B is similar to Ad2-spliced 13S mRNA, which is detected during both stages of infection (6, 23) . In contrast, Ad7 region 1B mRNA (1.1 kb) was not detected at the early stage of productive infection within the limits of analysis by the two methods. Dijkema et al. (8) recently determined the nucleotide sequences of the left 4.5% of Ad7 DNA (Gomen strain) and assigned the possible regions directing transcripts and coding for early 1A polypeptides. In Fig. 7 , we show nucleotide positions of predicted splice sites and signal sequences for transcription start and stop (reported by Dijkema et al. [8] ). For comparison, our S1 mapping data of two early 1A mRNA's were taken from Fig. 2 . Nucleotide positions of both ends and splice sites of two early 1A mRNA's were in good agreement. The other region 1A mRNA of 0.7 kb was not shown because its coding position has not been determined precisely. Some of the region 1 mRNA's were identified in the transforned cell lines 7IJY1-1, 7IJY1-2, and 7IJY3, which contained most, if not all, ofthe Ad7 DNA sequences comprising the left 7.8% of the viral genome (20, 32) . All transforned cells synthesized two early 1A mRNA's (1.1 and 0.9 kb). This result was predicted from the fact that the entire sequences in region 1A but only the 5' end-proximal sequences of region 1B were retained in these celis. In addition, we found several Ad7-specific mRNA's in all of the three transformed cell lines. These mRNA's were unique, having the 5' end-proximal sequences in region 1B and the 3' end-proximal sequences in region 1A and probably transcribing from sequences of the left 7.8% DNA fragments which joined in tandem array. These unique viral mRNA's were interesting in the foilowing respects. First, a part of these mRNA sequences were transcribed from DNA sequences that are known not to be used in the nonnal life cycle of Ad2, -5, and -7. Second, unique mRNA's in 7IJY1-1 celLs appeared to be more abundant than those in the other transformed cells and than early region 1 mRNA's in productively infected cells (from the intensities of bands in Fig. 1) (Fig.  4C) . Thus, the size variety suggests that the noncoding portions would be generated by partial absence of the viral DNA sequences at both ends, when or after viral DNA integrated into the host genome by joining in tandem array. Our preliminary analysis of integrated viral DNA structure supports the possibility that viral DNA fragments persist in the host genome in a tandem array (data not shown). Visser et al. (27) have shown that in four Ad5-transformed rat or hamster cell lines that contain both the left-and right-hand terminal sequences, these sequences frequently appear to be linked to each other. Sambrook et al. (17) found two analogous types of viral mRNA's in a rat cell line, F4, transformed by the Ad2 virion. They indicated that these mRNA's are initiated at the early region 4 
